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6.2. TH E IN FL U E N C E  OF TRAMPLING AND SOIL COMPACTNESS ON SE ED LIN G  
D ISTRIBUTION OF SOME PLANTAGO SPECIES SOWN ON PLOTS IN TH E 
D U N E  AREA OF VOORNE (C. W. P. M. Blom)
6 .2 . 1 . Introduction
T he  research  on th e  influence of  t r a m p l in g  a n d  soil com pac tness  on 
th e  d is t r ibu t io n  o f  some Plantago  species w as  con t inued  in  sowing e x ­
p e r im en ts  on p lo ts  in th e  d u n e  a rea  of  Voorne. P reced ing  e x p e r im e n ts  
(Blom, P rogress  R e p o r t  1973) concerned  th e  influence of  t r a m p l in g  a n d  
soil com pac tness  u n d e r  op t im a l  a n d  low m ois tu re  levels on th e  g e rm in a t io n  
of  seeds o f  Plantago lanceolata, P . coronopus, P .  m ajor , a n d  P. media  in 
b a r re n  d u n e  soils. In  th e  e x p e r im en ts  u n d e r  discussion here  th e  seeds 
were sown on n a tu r a l  d u n e  soils w i th  a cover of  o th e r  p l a n t  species. T he  
a im  of  these  sowing ex p e r im en ts  is to  get  an  im press ion  of  th e  influence 
o f  t ram p l in g ,  soil com pactness ,  soil h u m id i ty ,  a n d  com pe t i t ion  effects o f  
th e  su r ro u n d in g  v e g e ta t io n  on th e  em ergence a n d  e s tab l i sh m en t  of  
Plantago seedlings.
6 .2 .2 . M aterial and methods
F o u r te e n  p lo ts  were chosen in th e  d u n e  a re a  o f  Voorne, six of  th e m  
in th e  m iddle  of  p a th s ,  five p lo ts  on edges of  p a th s ,  a n d  th re e  on sites 
ra re ly  t ro d d e n  b y  m en.  Some charac te r is t ic s  o f  th e  p lo ts  are  given in 
T ab le  8 . Besides t r a m p l in g  a n d  soil com pac tness ,  o th e r  fac to rs  inc lud ing  
th e  soil h u m id i ty  a n d  th e  he igh t  a n d  coverage of  th e  v eg e ta t io n  layer  are  
i m p o r t a n t  for th e  em ergence  a n d  d e v e lo p m e n t  of  seedlings. T h e  v eg e ta t io n  
on p a th s  in th e  dunes  is m o s t ly  low, a n d  th e  soil surface is n o t  en t i re ly  
covered b y  p lan ts .  T h e  herb  laye r  is h igher  on th e  edges of  t h e  p a th s  
t h a n  on th e m ,  a n d  th e  en t i re  surface  is covered  b y  v eg e ta t io n .
On sites w i th  loose soil, r a b b i t s  keep  th e  v e g e ta t io n  la}^er open  a n d  
m o s t ly  v e ry  low. T he  soil h u m id i ty  depends  on th e  g ro u n d  w a te r  level, 
th e  physica l  a n d  chemical com posit ion  of  th e  soil, a n d  th e  to t a l  b iom ass  
o f  th e  vege ta t ion .  I n  choosing th e  p lo ts  an  a t t e m p t  w as m a d e  to  o b ta in  
some d iv e rs i ty  in soil m o is tu re  con ten ts .
I n  th e  beg inn ing  o f  April ,  1974, th e  p lo ts  (30 x 30 cm) were sown w i th  
a m ix tu re  o f  Plantago lanceolata, P .  coronojpus, P .  m ajor , a n d  P .  media  
(200 seeds o f  each  species) d i s t r ib u te d  u n ifo rm ly  over  th e  plots .  E v e r y  
fo r tn ig h t  t h e  location  o f  th e  in d iv id u a l  p la n t s  were  reco rded  on a  m a p  
(scale 1 : 1 ), a n d  th e  s tu d y  w as in t e r r u p te d  a t  th e  e n d  o f  th e  g ro w th  
season. F o r  com parison ,  contro l  p lo ts  close to  th e  sown p lo ts  were s tu d ied  
to  g e t  an  im press ion  o f  th e  sp o n ta n e o u s  a p p e a ra n c e  o f  th e  Plantago 
species.
6.2.3. Results
T he  re su l ts  o f  these  e x p e r im e n ts  are  show n  in  T ab les  9a, 9b, a n d  9c 
as th e  n u m b e r  of  living Plantago  p la n t s  a n d  th e  p e rcen tag es  o f  p la n t s
Table 8. Survey of the sown plots in the dime area of Voome.
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Number
01
0 2 
03
Mi
M2
m 3
m 4
M5
Vi
v 2
v 3
v 4
V5
v 6
Characterization of the plots Site Soil humidity
scarcely trodden, not compacted, barren soil dune grassland dry
scarcely trodden, not compacted dune grassland dry
scarcely trodden, not compacted, barren soil dune grassland dry
edge, sometimes trodden, moderately compacted dune grassland dry
edge, sometimes trodden, moderately compacted dune grassland moderately humid
edge, sometimes trodden, moderately compacted dune slack humid
edge, sometimes trodden, moderately compacted dune slack wet
edge, sometimes trodden, moderately compacted dune slack humid
path, trodden, compacted soil dune grassland dry
path, trodden, compacted soil dime grassland humid
path, trodden, compacted soil dune grassland humid
path, frequently trodden, compacted soil dune slack humid
path, frequently trodden, compacted soil dune slack humid
path, frequently trodden, compacted soil dune slack wet
w hich  d ied  off du r in g  th e  research  period. T he  pe rcen tages  o f  succum bed  
p la n t s  were d e te rm in e d  in re la t ion  to  th e  to ta l  n u m b e rs  of  em erged  
seedlings. Seeds of  P .  lanceolata a n d  P .  coronopus are  able to  g e rm in a te  
on u n t ro d d e n  sites w i th  a  loose, d ry  soil (Table 9a). T he  d a t a  in T ab le  9b 
show t h a t  011 occasionally  t ro d d e n  sites w i th  a  m o d e ra te ly  co m p a c ted  
soil, P .  lanceolata a n d  P .  coronopus also occurred  m ore  f re q u e n t ly  t h a n  
th e  o th e r  Plantaqo  species b u t  h a d  a  h igher  m o r ta l i ty  t h a n  on loose d une  
soils. T ab le  9c shows t h a t  all fou r  species, b u t  p a r t ic u la r ly  P .  major a n d  
P .  m edia , occur m ore  o f ten  on c o m p a c te d  a n d  t r o d d e n  sites t h a n  on 
loose or m o d e ra te ly  c o m p a c te d  soils.
D u r in g  th e  research  per iod  P .  coronopus show ed th e  h ighes t  m o r ta l i ty  
o f  all th e  Plantago  species; th e  lowest pe rcen tages  of d ead  p la n ts  were 
fo u n d  for P .  major a n d  P .  lanceolata.
6.2.4. Discussion
I n  field s i tu a t io n s  th e  em ergence  a n d  d e v e lo p m e n t  of  seedlings are  
d e p e n d e n t  on th e  effects o f  a  com plex  o f  u n k n o w n  factors ,  inc lud ing  th e  
q u a n t i t y  of  Plantago  seeds a l re ad y  p re se n t  in  th e  p lo ts  a t  th e  s t a r t  o f  
th e  research  period, th e  q u a n t i t y  of  seeds im m ig ra t in g  in to  a p lo t ,  a n d  
th e  q u a n t i t y  of  seeds t h a t  d is ap p e a r  f rom  a  p lo t  d u r in g  th is  period.
Som e contro l  p lo ts  were  in v e s t ig a ted  to  g e t  a n  im press ion  of  th e  seed ­
lings n a tu r a l ly  p re se n t  on a  site, for com par ison  w i th  a  sown plo t .  A c ­
cord ing  to  th e  findings in th e  unseeded  plots ,  P .  lanceolata h a d  been  
p re se n t  in th e  v ic in i ty  o f  all o f  th e  e x p e r im e n ta l  p lots ,  P .  coronopus 
occurred  in  th e  d irec t  su r ro u n d in g s  of  p lo ts  M2, M3, V2, V3, a n d  P .  major 
grew  sparse ly  n e a r  p lo ts  V4, V5, a n d  V 6-
As a l r e a d y  m en t io n ed ,  th e  com bined  effect o f  t ra m p l in g ,  soil com pac t ion ,
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Table 9a. Num bers of living ( + )  and percentages of dead ( — %) Plantago p lants
on the  non-compacted sown plots.
Date 29/4 15/3 27/5
1
Species P lo t  nr. Oi 0 2 1 0 , Oi ! O 2 O CO Oi O 2 O 3
P. lanceolata -f
o/ — /o
------- 11 ------- 3 17
5
1 6 16
10
9
coronopus +
_  o// o
■ ■ — ------- — — 7 ------- — 8 ------- -------
major  -f-
o//o
------- : ------- 1 ------- — 100 ------- -------
medi (i +
— °LA)
------- ------- — 1 ------- -------
100
------- -------
Date 13/0 2 0 / 6 9/7
Species Plot nr. O, Ü2 0 3 Oi 0 2 0 3 Oi Ü 2 O 3
•
P. lanceolata + 5 19 9 8 14 5 11 17 8
- % 16 13 ------- 11 36 ------- 8 32 -------
coronopus + 10 ------- 1 9 ------- 1 17 ------- 2
_  0/ /o ------- ------- — 10 ------- ------- 5 ------- -------
major + ------- — ------- ------- 1 ------- ------- -------
—  % /o 100 — — 100 ------- ------- 100 ------- 100
media 11 ------- — — ------- ------- ------- ------- -------
0//o 100 ------- — 100 ------- ------- 100 ------- -------
Date\ 22/8 5/9 15/10
Species Plot n r . Oi °2 o3 Oi O2 O3 Oi 0 2 o3
P .  lanceolata + 13 25 21 23 29 25 29 37 27
°L/a 27 24 4 20 27 7 18 24 22
coronopus + 23 rr/ 10 19 9 18 15 9 26
00 20 -- 9 40 66 5 54 35 19
major + 4 -- -- 5 -- -- -- -- 3
0//o 20 — 100 16 -- 100 100 -- 25
media + 4 -- -- 5 -- -- -- -- 1
0//o 20 -- -- 16 ------- ------- 100 -------
soil m o is tu re  level, a n d  com pe t i t ion  of su r ro u n d in g  p la n t s  is im p o r t a n t  
for th e  presence or absence of  a p l a n t  species. T ab le  10 shows th e  d a t a
011 some of these  factors ,  to g e th e r  w i th  th e  to ta l  pe rcen tages  of new  
Plantago  p lan ts .  I n  com parison  w i th  th e  o th e r  Plantago  species, P. lan- 
ceolata is m o s t  to le r a n t  to  th e  fac to rs  in d ica ted  in T ab le  10 . P. coronopus 
seems to  occur in sm aller  n u m b ers ,  m a in ly  on p a r t ia l ly  covered sites, 
a n d  on open d ry  d u n e  san d  soils m ore  f req u en t ly  t h a n  on h u m id ,  incom-
Table 9b. N um bers of living (-J-) and percentages of dead ( — %)  P lantago plants on the  moderately compacted sown plots.
Date 29/4 15/5 • 27/5
Species P lo t  nr. Mi M 2 m 3 M, m 5 Mi m 2 1 m 3 M, Ms Mi m 2 m 3 m 4 i Ms
P . lanceolata i1 3 2 2 9SmA 1 5 2 6 -- 9 2 3 22 9
0//o -- -- -- -- -- -- 33 66 14 100 60 50 50 8 30
coronopus + ------- ------- 4 35 ------- ------- 9 4 41 5 ------- 10 ------
0//o — — — ------- ------- — ------- 43 35 ------- ------- 100 100 85 100
major 1T" ------- 1 0 5 1 ------- 1 3 4 — ------- 2 4 10//o ------- ------- _ _ ------- ------- ------- 100 ------- 25 88 100 100 50 50 92
media + ------- ------- ------- 2 ------- ------- ------- 3 9 ------- — — 3 9 -------0//o 1 "
” “
Date 13/6 26/6 9/7
Species P lo t  nr. Mi Mo m 3 m 4 Ms Mi m 2 m 3 M a Ms Mi Mo ! m 3 Mi Ms
P. lanceolata _u1 3 4 12 22 2 5 6 8 34 9 5 5 15 37 8
0//o 50 25 25 40 50 37 1 6 55 38 18 50 44 46 46 46
coronopus I — 9 1 17 — ---------- 2 10 — --------- 3
100
3
96 1000//o — 50 87 84 100 --------- 100 80 88 100 ---------- o /
major + — --------- 9s J 9S J 1 --------- --------- 2 9émd 4 --------- 1 16 14 10//o 100 100 60 80 92 100 100 33 82 75 100 50 23 33 94
inedia + ---------- --------- 1 1 ---------- — 2 5 5 — ------- 3 10 —
—  °/ /o ------- ------- 66 100 ------- — 66 28 ------- — ------- 57 23 100
Date 22/8 5/9 15/10
Species P lo t  nr. Mi Mo m 3 m 4 Ms Mi m 2 m 3 m 4 Ms Mi K to m 3 m 4 Ms
P . lanceolata ■~r 13 20 10 27 13 11 18 9 23 5 17 18 9 23 7
— °/ /o 35 16 66 64 38 28 33 74 72 76 51 47 76 78 70
coronopus + -- 4 -- -- -- 1 -- -- -- -- 9mm
100 100 100—  °/ /o — 63 100 100 100 -- 91 100 100 100 -- 84
major + -- -- -- 1 -- -- -- -- 1
100 100 100
1
—  °/ /o 100 100 100 95 100 100 100 100 100 100 50 94
media +
—  °//o
1 — — 1 ---------- 3 ---------- — — ---------- 3 --------- ---------- — ----------
---------- ---------- 100 92 100 ---------- ---------- 100 100 100 50 * 100 100 100
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Table 9c. N um bers of living ( - f ) and percentages of dead ( — %) Plantago p lants on the  compacted sown plots.
D ate 29/4 15/5 27/5
Species P lo t  no. Vi 1 v 2 V3 1 v 4 V 5 Vo 1 Vi V 2 v3 1 v , v 5 Ve Vi Vo V3 v 4 V 5 Ve
P . lanceolata -f-
— 0/ /o
7 1 -- 14 6 7
12*
6
14
-- 11
35
16
11
1 7
22
3
57
1 22
39
32
18
5
16
coronopiis -f-
—  °/ /o
—
--
2 82 97 26 8 13 1
50
66
39
54
54
39
27 100
11
38
2
50
26
77
38
74
20
71
major  -f-
— °//o -- --
3 12 2 23 -- 1 2
33
58
16
36
5
34
21
1 5
16
9
31
52
50
46
27
33
48
media  +
— °/ /o -- -- --
4
-- —— -- -- --
16 8 9
-- -- --
19 13 3
D ate 13/6 26/6 9/7
Species P lo t  no. Vi V 2 v3 1 V4 V 5 Ve Vi V 2 V3 1 v , V 5 Ve Vi V 2 v3 1 V4 V 5 Vo
P . lanceolata +
_____0//o
5
44
7
41
1 25
47
20
49
14
17*
8
33
17
29
1
50
52
32
45
32
16
38
10
30
16
46
3
40
48
47
51
35
17
50
coronopus +
—  °//o 100
10
60
1
80
35
75
51
72
24
72 100
11
64 : 100
13
91
36
82
9
90
3
72
7
81
9
71
6
96
26
88
1
99
major  +
—  °/ /o 100
4
42
4
71
29
74
26
61
45
51 100
1
87
6
66
12
90
19
77
14
85 100
8
50
18
40
61
66
69
50
26
76
media  -f*
—  °//o
— " 24
29
25
16
3
50 -
------- 1 18
54
28
26 100
9 3
100
22
52
17
53
4
60
D ate 22/8 5/9 15/10
Species P lo t no. Vi V 2 v 3 v 4 v 5 Ve Vi Vof  4J v3 V4 v 5 Ve Vi V 2 V3 v4 v 5 v fl
P . lanceolata + 14 16 6 43 39 15 13 11 6 35 38 9 12 16 13 27 39 8
- °//o 30 54 33 56 53 63 35 71 50 64 58 79 42 64 38 74 61 83
coronopus + ------- ------- 2 15 20 5 ■ — 3 ------- 17 18 1 ------- 12 ------- 22 27 3
- 9/ /o 100 100. 77 90 93 95 100 92 100 90 92 99 100 76 100 88 89 97
major + 1 7 18 57 42 32 ------- 13 18 44 55 34 7 17 24 23 28
0//o 50 61 48 71 71 74 100 45 55 79 67 75 100 70 60 91 87 80
media­ 2 1 1 9 11 — 2 1 ------- 13 12 ------- 1 ------- ------- 10 8 1
- °/ /o 33 66 50 78 69 100 33 75 100 72 68 100 66 100 100 79 80 91
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Table 10. Some environm ental factors related to the emergence of Plantago
seedlings *
Pl
ot
 
11
1’.
M
ea
n 
he
ig
ht
 
ve
ge
ta
tio
n 
(c
m
)
Co
ve
r 
(%
)
M
ea
n 
pe
ne
tr
. 
va
lu
es
 
**
T
ra
m
pl
in
g
in
te
ns
ity
Soil humidity 
(% dry weight)
Emerged plants (%>
lo
w
es
t
va
lu
es
hi
gh
es
t
va
lu
es K£ O d -
S > la
nc
eo
la
ta
co
ro
no
pu
s
m
aj
or
?n
ec
lia
Oi 0 0 0.1 - 1.1 6.5 4.4 21.5 16.5 5 2
0 2 0 50 0.2 ------- 2.0 7.5 4.2 24.5 7 0 0
O3 0 0 0.1 -------
Oc6 16.1 9.9 17.5 16 2 0.5
Mi 15 100 0.5 ± 4.4 39.4 13.7 17.5 0 1 1.5
m 2 15 90 0.7 =b 1 1 . 6 46.4 27.1 17 6.5 1 0
m 3 10 100 0.4 i 42.8 104.2 70.8 19.5 16 2 0.5
m 4 10 100 0.3 ± 50.8 136.8 93.5 42 45 11.5 6.5
M5 10 100 0.3 ± 34.6 95.5 60.1 12 2.5 8.5 2.5
Vi 7 85 0.9 +
A
0.1 15.2 7.7 10.5 5.5 1 1
v 2 5 70 1.3
f
+  + 20.5 60.4 43.4 22.5 2 0 . 0 12 2
V3 5 70 1.7 11.9 75.0 39.2 10.5 4.5 21.5 1
V4 2 40 1.1 +  +  + 20.5 76.4 38.7 52 89 99.5 25
V5 3 50 1.4 +  +  + 23.2 41.4 31.4 50 95 85.5 20
Vfi 3 40 1.1 +  +  + 45.3 164.3 93.3 24 51 71 5.5
* Symbols: t ram p lin g : — absent; i  sometimes; -f moderate; -f -f- rather 
frequent; +  +  ~r very frequent.
** p en e tro m e te r  va lues: at a depth of 5 cm (penetrometer units).
p le te ly  covered sites. T here  are  m ore  P. major p la n ts  on t ro d d en ,  com ­
p a c te d ,  h um id ,  a n d  open  si tes;  a n d  th e  sam e holds for P. media.
F o r  all o f  th e  species s tud ied ,  high pe rcen tages  of  seedlings occurred  
on th e  p a th s ,  p ro b a b ly  because  t r a m p l in g  led to  increased  c o n ta c t  b e tw een  
th e  seed surface  a n d  th e  soil, w hich  in t u r n  resu l ts  in a n  increase in th e  
r a t e  o f  w a te r  u p ta k e .  I n  th e  absence  of  t ram p l in g ,  g e rm in a t io n  of  seeds 
lan d in g  011 c o m p a c te d  surfaces  m a y  be reduced ,  because  o f  th e  d i s a p ­
p e a ran ce  o f  m icrore lief  d u r in g  th e  course of th e  com pac t ion  process 
(Sheldon, 1974). T h is  effect is m ore  im p o r t a n t  for large seeds like those  
o f  P. lanceolata t h a n  for small  seeds like those  of  P. coronopus (H a rp e r  
et a,l., 1965). As co m p a red  w i th  th e  o th e r  sites on th e  p a th s ,  p lo t  V i  h ad  
a  small  n u m b e r  o f  p la n ts  o f  P. coronopus, P. m ajor , a n d  P. media. This  
w as p ro b a b ly  due  to  th e  h igher  d e n s i ty  o f  th e  su r ro u n d in g  vege ta t ion .  
As c o m p a red  w i th  th e  o th e r  p lo ts  on th e  p a th s ,  p lo t  V 6 show ed re la t ive ly  
few seedlings o f  all th e  species u n d e r  s tu d y ,  p ro b a b ly  because  of  th e  
w etness  of  th e  soil. T ab le  9 shows t h a t  increased  t r a m p l in g  causes a n  
increase  in th e  n u m b e r  o f  d e a d  seedlings. U n d e r  these  sam e condit ions  
fewer P. lanceolata p la n t s  su ccu m b ed  t h a n  w ou ld  be e x p e c te d  from  th e  
resu l ts  o f  earl ier  g reenhouse  e x p e r im e n ts  (Blom, P rogress  R e p o r t  1973).
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This  d isc repancy  is exp la ined  by  th e  fac t  th a t  th e  t ra m p l in g  in ten s i ty  
in the  field is less regu lar  t h a n  th e  s im u la ted  t ra m p l in g  applied  in th e  
greenhouse. I t  is r e m ark ab le  t h a t  re la t ive ly  few ind iv idua ls  o f  P. coronopiis 
were p resen t ,  ind ica t ing  t h a t  th e  presence of  th e  typ ica l  d u n e  species 
depends  on u n k n o w n  factors.  T here  is some evidence t h a t  th e  d is t r ibu t ion  
of P. coronopiis is re la ted  to  th e  presence of shells a n d  mosses. P. media 
was found in th e  lowest num bers ,  possibly because th is  species does n o t  
occur n a tu ra l ly  in th e  dunes.  A t  th e  end  o f  th e  research  period  th e  n u m b e r  
of  P. major p la n t s  decreased, p ro b ab ly  due  to  shoo t  m o r ta l i ty  du r ing  
the  winter .  S tudies  011 th e  em ergence  of Plantago seeds in th e  dune  
a rea  will be continued .
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6.3. A NODULATION STUDY ON H IPPO PH A E  RHAMNOIDES L. (P. A. I.
Ore mus)
6.3.1. Introduction
A pre l im inary  field su rv ey  011 Hippophaë rhamnoides has  shown t h a t  
the  to ta l  n u m b e r  of  nodules  011 suckers  of th e  sam e as;e varies  g re a t lyo O «./
from site to  site. T he  e x p e r im e n t  described  here rep resen ts  a  first a t t e m p t  
to  find o u t  w h e th e r  these  differences can  be exp la ined  b y  differences in 
th e  n u m b e r  of  infective  par t ic les  (the infectious s ta te  of  th e  roo t-nodule  
en d o p h y te )  in th e  soil. F o r  th is  purpose ,  th e  n o d u la t io n  of  p la n ts  grow n 
in soil sam ples  from  different h a b i ta t s  was co m p ared  w ith  t h a t  of p lan ts  
g row n in th e  sam e sam ples  to  which  infective  par t ic les  h a d  been added .
6.3.2. Material and methods 
Sample sites
a. s a n d y  beach, II. rhamnoides absen t ,
b. o u te r  dunes  w ith  Am m ophila  arenaria  v ege ta t ion ,  II. rhamnoides 
absen t ,
c. inner  dunes  w ith  II. rhamnoides vege ta t ion ,  in places w here  y o u n g  
suckers  were n o t  n o d u la ted ,  a n d
d. inner  dunes  w i th  II. rhamnoides vege ta t ion ,  in places where  y o u n g  
suckers  were a b u n d a n t ly  nodu la ted .
Plant material
Sterilized seeds of II. rhamnoides (for techn iques ,  see O rem us,  1971)
